Abstract
Introduction
Hepatitis B virus (HBV) is a Blood Borne Pathogen (BBP) that is transmitted via blood or body fluids exposure as well as sexual contact (1) . HBV has been recognized as an occupational risk for healthcare personnel (HCP) as the virus remains infectious for prolonged periods on environmental surfaces and is transmissible even in the absence of visible blood. This explains the rising prevalence of HBV infection 10 times greater than general population as reported by CDC in serologic studies conducted in the United States during the 1970s (2) . In contrast to the transmission risk of HIV and HCV after a percutaneous exposure (0.3%, 1.8 % respectively), the risk of HBV transmission usually reaches 6 to 30% (3) . HBV is a wellrecognized risk among HCP dealing with blood and blood products. Prevalence rates of HBV infection have been reported as 13 to 18% among surgeons. Infection rates up to 27% have been demonstrated among dentists and oral surgeons (4, 5) .
Avoiding occupational blood exposures is the primary way to prevent transmission of BBPs in health-care settings (6) . However, despite the improved methods of preventing exposure and occupational exposures, transmission of at least 20 different pathogens by needlestick and sharps injuries has been reported (7) . Yet, hepatitis B immunization and post exposure management are integral components of a complete program to prevent infection following BBPs exposure and are both important components of workplace safety (8) . Hepatitis B virus infection is a preventable disease with the Hep B vaccination being available in the United States since 1981 and recommended by the Advisory Committee on Immunization Practices (ACIP) for HCP in 1982 (9) . Acute and chronic HBV infections are rare among HCP who respond to HepB vaccination, but HCP who do not respond to vaccination are thought to remain susceptible. Since 1982 (when HepB vaccine was recommended for HCP by ACIP), major declines have occurred in reports of acute hepatitis B among HCP (10) . In 1991, ACIP recommended post vaccination serologic testing for anti-HBs for HCP at risk for needlestick exposures (11) . No postvaccination serologic testing is recommended after routine infant or adolescent HepB vaccination (10) . In 1997, ACIP recommended postvaccination serologic testing 1-2 months after completion of the HepB vaccine series (3 doses of Hep B vaccination) for HCP who have contact with patients' blood or body fluids and who are in risk for needlestick injuries (12) . In 2011, ACIP recommended postvaccination serologic testing 1-2 months after completion of the vaccine series for HCP at high risk. The fact that the vaccine-induced anti-HBs wanes over time, testing HCP for anti-HBs years after vaccination might not distinguish vaccine nonresponders from responders (13) .
HBV Background
HBV structure and replication Baruch Blumberg discovered the Australia antigen when searching for immunological evidence of genetic polymorphisms supposed that antibodies to blood proteins could be used to investigate human genetic diversity in patient's serum that had been exposed to multiple repeated transfusions (14, 15) . By 1967, Blumberg and others discovered that Australia antigen was associated with hepatitis, then in 1970 Australia antigen was identified as a structural component of the hepatitis B virus (HBV). That year (1970) Dane and coworkers published electron micrographs of 17-22 nm spherical HBV surface antigen (HBsAg) particles, 17-22 nm diameter filamentous HBsAg particles, and 45 nm diameter virions comprised of a HBsAg envelope and a 36 nm diameter core, HBV virions are known as Dane particles (16) . HBV is a double-stranded, enveloped DNA Hepadna virus (~ 42 to 47nm), which replicates in the liver. It is the smallest DNA virus known that consists of a viral envelope, nucleocapsid and a single copy of the partially double-stranded DNA genome. The viral genome has only 3200 bp which is uniquely organized in partial circular dsDNA which contains a minusstrand (full genome) and a plus-strand of DNA (17) . The surface/pre-S gene encodes for the virus envelope in which the major protein that forms the HBsAg particles is the smallest gene product (SHBs). The middle protein (MHBs), including the pre-S2 component, and the large surface protein (LHBs), which contains pre-S1, all are also integrated into HBsAg particles (18) . It is suggested that the pre-S proteins play an important role in the attachment of HBV to hepatocytes (18) . Pre-S1 and pre-S2 have been identified in vitro for liverspecific attachment sites (19) (20) (21) . Once HBV attaches to liver cells, they become un-coated. The partially double-stranded viral genome is transformed in the nucleus, to covalently closed circular DNA (cccDNA). This cccDNA serves as template for all viral transcripts, including four mRNA transcripts of known function. The longest (3.5 kb) pregenomic RNA is the template for genome replication and the expression of precore/core and polymerase proteins. A 2.4-kb transcript encodes pre-S1, pre-S2, and HBsAg, while a 2.1-kb transcript encodes only pre-S2 and HBsAg. The smallest transcript (0.7 kb) encodes the X protein (17) . HBcAg and HBeAg are translated from one gene. After transcription, HBcAg is targeted to the endoplasmic reticulum where it is cleaved, and HBeAg (the precore fragment) is released. HBcAg a fundamental part of the nucleocapsid is central for viral assembly and is never detected in serum by conventional techniques; however, detection is possible in liver tissue samples from acute or chronic HBV infected patients. HBeAg is a soluble protein that can be detected in the serum of patients with high virus titers; it is not essential for viral replication (18) .
Epidemiology of HBV infection
It is estimated that approximately two billion people worldwide have evidence of past or present infection with HBV, and 248 million individuals are chronic carriers (22, 23) . In 2015, CDC reported a total of 3,370 cases of acute HBV infection while actual number of acute cases is believed to be 6.5 times the number of reported cases per year due to under-ascertainment and under-reporting (24) . Generally, the prevalence of HBsAg is around 3.6 %; however, this varies depending upon the geographic area. In low-prevalence areas (e.g., United States, Canada, Western Europe), the prevalence of chronic HBV may be less than < 2 %. The prevalence may reach to 2-7 % in intermediate-prevalence areas (e.g., Mediterranean countries, Japan, Central Asia, Middle East, and parts of South America) and ≥8 percent in highprevalence areas (e.g., Western Africa, South Sudan) (22, 23) . These differences in geographic distribution of HBV infection may be related to differences in the age at infection, which is inversely related to the risk of chronicity (25) . The progression from acute to chronic HBV infection usually occur in 90% of infants, 30% of children aged < 5 years, and <1%-12% of adults (26) . In Egypt, the prevalence of HBV ranges between 2% and 6% with the predominance of infection with HBV genotype D (27) . It is widely known that Egypt is one of the countries with highest prevalence rate of infection with HCV in the world (28) (29) (30) (31) .
HBV transmission
HBV is highly infectious, it can be transmitted in the absence of visible blood, and remains infectious on environmental surfaces for at least 7 days (32, 33) . The virus can be transmitted through percutaneous injuries, mucosal, or nonintact skin exposure to infectious blood or body fluids. Blood (as a body fluid) contains the highest concentration of HBV virus, and percutaneous exposure is an efficient mode of transmission. Cerebrospinal fluid, synovial fluid, pleural fluid, peritoneal fluid, pericardial fluid, and amniotic fluid are considered potentially infectious (2) . Urine, feces, vomitus, nasopharyngeal washings, sputum, and sweat are not efficient vehicles of transmission unless they contain blood (33) . Semen and vaginal secretions are infectious and can transmit HBV infection sexually. HBV is transmitted efficiently by sexual contact both among heterosexuals and among homosexual men. HBV also can be detected in saliva, tears, and bile (2) . HBsAg found in breast milk is also unlikely to lead to transmission, and hence HBV infection is not a contraindication to breast-feeding (32, 33) . Transmission can occur from interpersonal contact with shar-ing the same instruments (e.g. toothbrush or razor) or contact with exudates from dermatologic lesions. HBV intra-familial transmission and spread has been reported. Three patterns of HBV intra-familial transmission were determined; maternal, paternal, and spousal (34) . The viral transmission from transfusion of blood or blood products is rare because of the routine donor screening and viral inactivation procedures. Other possible sources of infection include contaminated medical or dental instruments, unsafe injections, needle-stick injuries, organ transplantation, and dialysis (35) .
Occupational transmission of HBV:
The presence of HBsAg is an indicator of active infection. Hepatitis B e antigen (HBeAg) is a marker for high HBV replication and infectivity (36) . The risk for acquiring HBV infection is particularly high in occupational exposures to blood or body fluids from source patients who are positive for both HBsAg and HBeAg (3) . Although testing occupational exposure source patients for HBeAg is not practical and is not recommended, the risk for developing clinical hepatitis if the blood was both HBsAg and HBeAg-positive was 22%-31%; the risk for developing serologic evidence of HBV infection was 37%-62% (2, 3) . By comparison, the risk for developing clinical hepatitis from a needle contaminated with HBsAg-positive, HBeAgnegative blood was 1%-6% (2) . The most efficient method for occupational transmission of HBV is percutaneous injuries. Selection of blood donors depends on a screening system excluding the subjects that are positive for HBsAg, anti-HCV, anti-HIV and anti-treponema antibody. Despite the importance of anti-HBc screening for safer blood transfusion, this serological marker is not included in Egyptian blood bank screening. Then, such screening system in Egypt would miss occult HBV infection (OBI) among blood donors (37, 38) . Data since 2002 indicate that 18% of HCP trainees sustain a percutaneous exposure annually, and 54% of percutaneous exposures are reported to occupational health (39) (40) (41) (42) (43) . Reluctance to report occupational percutaneous injuries may be due to fear of missing the job or concerns regarding privacy (40, 42) .
Recommendations for pre exposure management
Exposure prevention remains the primary prophylactic strategy for reducing occupational injuries and transmission of BBPs. Written protocols for reporting, evaluation, counseling, treatment, and follow-up of occupational exposures should be available in the health care facilities. At the time of hire, HCPs should be well trained about safe injection, BBPs and PEP to improve recognition and encourage timely reporting of blood and body fluid exposures. The possibility that the post exposure evaluation will cause the HCP to have time lost from work should not be a barrier to reporting. Institutions should ensure that HCP have rapid access to post exposure testing and prophylaxis, including HBIG and HepB vaccine. In 1995, the CDC's Hospital Infection Control Practices Advisory Committee (HICPAC) introduced the concept of standard precautions, which apply to blood; all body fluids, secretions, and excretions (except sweat); non intact skin; and mucous membranes (43) . The core elements of standard precautions contain (i) hand washing after patient contact, (ii) the use of barrier precautions (e.g., gloves, gowns, and facial protection) to prevent mucocutaneous contact, and (iii) minimal manual manipulation of sharp instruments and devices and disposal of these items in puncture resistant containers (44, 45) . Health care personnel who perform tasks involving con-tact with blood or body fluids should be vaccinated against hepatitis B. Pre vaccination serologic screening for previous infection is not indicated for persons being vaccinated because of occupational risk, unless the hospital or health-care organization considers screening costeffective (46) HBV vaccination OSHA mandates HBV vaccination for HCPs within 10 days of initial assignment. HCP should complete the series before the potential for exposure with blood or body fluids, when possible (47) . Hepatitis B vaccine consists of 10 or 20μg of recombinant HBsAg protein administered intramuscularly into the deltoid muscle on a 0, 1, and 6-month schedule. Exceptional schedule (including a 4-dose program at 0, 1, 2, and 12 months) is USA-approved for usual immunization for specific ages and vaccine formulations with ultimate rates of sero protection comparable to those obtained on a 0, 1, and 6-month schedule. If the vaccination series is interrupted after the first dose, the second dose should be administered as soon as possible with no restarted vaccination for HCP with an incomplete series. However, minimum dosing intervals between the first and second dose should be 1 month, 2 months between the second and third dose, and 4 months between the first and third dose. If only the third dose is delayed, it should be administered when convenient (36) . HCP lacking documentation of HepB vaccination should be considered unvaccinated or incompletely vaccinated and should receive additional doses to complete a documented HepB series. OSHA mandates that HCP who refuse HepB vaccination sign a declination statement (48) . After completion of HBV 3-doses vaccination series, HCP should be tested 1-2 months for anti-HBs (49) . The protective level of anti-HBs should be ≥ 10mIU/mL. HCP who do not respond to an initial 3-dose vaccine series (i.e., anti-HBs <10mIU/mL) have a 30%-50% chance of responding to a second 3-dose series. Non-responder HCP to the first vaccine series should complete a second 3-dose vaccine series or be evaluated for HBsAg-positive. Revaccinated HCP should be retested at the completion of the second vaccine series (6 
tive, the person should receive appropriate management and should be counseled regarding how to prevent HBV transmission to others. Non-responders to vaccination who are HBsAg-negative should be considered susceptible to HBV infection and should be counseled regarding precautions to prevent HBV infection. HCP who have written documentation of a complete, ≥3-dose HepB vaccine series and subsequent postvaccination anti-HBs ≥10mIU/mL are considered hepatitis B immune. Immunocompetent persons have long-term protection against HBV and do not need further periodic testing to assess anti-HBs levels (50) (figure 1 ). AntiHBs levels after vaccination decline over time and the persistence of protective levels (≥ 10mIU/ml) varies by age at vaccination. By 18 years after vaccination, approximately 16% of persons vaccinated at age <1 year have detectable antibody levels of ≥10mIU/mL (51) (52) (53) , compared with 74% for those vaccinated at age ≥1 year (54) (55) (56) (57) . In a study of matriculating health science students, 92.9% of those who had received 3 doses of HepB vaccine had anti-HBs ≥10mIU/mL (57) . HepB vaccines have been demonstrated to be safe among persons in all age groups. The most frequently reported side effects are pain at the injection site (3-29%) and temperature of >37.7°C (1-6%). HepB vaccination is contraindicated for persons with a history of hypersensitivity to yeast or any vaccine component as eggs. Persons with a history of serious adverse events (e.g., anaphylaxis) after receipt of HepB vaccine should not receive additional doses. The vaccine is safe for pregnant or lactating women as the available vaccines contain noninfectious HBsAg and do not pose a risk for infection to the fetus (36) . Post-exposure management (Fig. 2) Treatment of the exposure site: Wounds and skin sites that have been exposed to blood or body fluids should be washed with soap and water; mucous membranes should be flushed with water. Using antiseptics for wound care or squeezing fluid were not proven to diminish the risk of blood borne pathogen transmission; however, the use of antiseptics is not contraindicated. The application of caustic agents (e.g. bleach) or the injection of antiseptics or disinfectants into the wound is not recommended (58) . Exposure Report: HCP should be trained well about the reporting process after occupational exposure to blood or body fluids. The exposure report is confidential and must contain date and time of exposure, details of the procedure being performed, and details of the exposure (i.e. type and amount of fluid or material and exposure severity). Exposure source, if known, and exposed HCP should be eval- (58) . Evaluation of the exposure: The exposure should be evaluated for the potential to transmit HBV, HCV, and HIV based on the type of body substance involved and the route and severity of the exposure. Blood is considered the main body fluid containing high titre of HBV followed by fluids containing blood. Other probable infectious body fluids (semen; vaginal secretions; and cerebrospinal, synovial, pleural, peritoneal, pericardial, amniotic fluids and direct contact with concentrated virus) are considered a source of transmission of BBP (58) . Exposure to these fluids or tissue through a percutaneous injury (i.e., needlestick or other penetrating sharpsrelated event) or through contact with a mucous membrane or non-intact skin (dermatitis, open wound, and abrasions) is situations that pose a risk for BBP transmission and require further evaluation. In the clinical evaluation for human bites, possible exposure of both the person bitten and the person who inflicted the bite must be considered. If a bite results in blood exposure to either person involved, post exposure follow-up should be provided (58) . Evaluation of the exposure source: Anyone whose blood or body fluid is the source of a work-related exposure should be evaluated for HBV, HCV, and HIV infection. (36) . Hepatitis B immune globulin (HBIG) provides passive anti-HBs and temporary protection lasts for 3-6 months and can be used together with HepB vaccine for postexposure prophylaxis. HBIG is prepared from human plasma known to contain a high titer of anti-HBs. HBIG administered alone is the primary method of protection after HBV exposure in HCPs who are non-responder to HepB vaccine. The standard adult dose of HBIG is 0.06 mL/kg, by intramuscular injection and can be administered simultaneously with HepB vaccine but at a different injection site (36) . Serious adverse effects from HBIG are rare including local pain and tenderness at the injection site, urticaria, and angioedema might occur. HBIG is not contraindicated for pregnant or lactating women (2) . Unvaccinated or incompletely vaccinated HCP who have antiHBs <10mIU/mL and sustain a percutaneous, mucosal, or nonintact skin exposure to a source patient who is HBsAg-positive or has unknown HBsAg status should undergo baseline testing for HBV infection as soon as possible after the exposure, and follow-up testing approximately 6 months later. Testing immediately after the exposure should consist of total anti-HBc, and follow-up testing approximately 6 months later should consist of HBsAg and total anti-HBc (2) . Health Care Personnel exposed to a source patient who is HBsAg-positive or has unknown HBsAg status do not need to take special precautions to prevent secondary transmission during the follow-up period (6 months). However, they should refrain from donating blood, plasma, organs, tissue, or semen. The exposed HCP does not need to modify sexual practices or refrain from becoming pregnant. If an exposed HCP is breast feeding, she does not need to discontinue (2) . Any blood or body fluid exposure to an unvaccinated person should lead to initiation of the hepatitis B vaccine series. The hepatitis B vaccination status and the vaccine-response status (if known) of the exposed person should be reviewed. A summary of prophylaxis recommendations for percutaneous or mucosal exposure to blood according to the HBsAg status of the exposure source and the vaccination and vaccine-response status of the exposed person is shown in table (1) . Health-care institutions should maintain records, ideally electronic records that are easily retrievable following exposures, of documented vaccination histories and serologic test results for reference in managing occupational exposures, and to provide to other health-care institutions if requested by the HCP. (2, 13) .
PEP management in vaccinated HCP

Case (3):
Vaccinated HCP who have written documentation of a complete vaccine series without previous anti-HBs testing, the HCP should be tested for anti-HBs and the source patient (if known) should be tested for HBsAg as soon as possible after the exposure: If the source patient is HBsAg-positive or has unknown HBsAg status and the HCP has anti-HBs <10mIU/mL, the HCP should receive 1 dose of HBIG and be revaccinated (3 doses) as soon as possible after the exposure. Anti-HBs testing should be performed 1-2 months after the last dose of vaccine and then document the HCP's vaccine response status. If the source patient is HBsAg-negative and the HCP has anti-HBs <10mIU/mL, the HCP should receive an additional HepB vaccine dose, followed by repeat anti-HBs testing 1-2 months later. HCP whose anti-HBs remains <10mIU/mL should undergo revaccination with 2 more doses (6 doses total when accounting for the original 3-dose series). Anti-HBs testing should be performed 1-2 months after the last dose of vaccine and then document the HCP's vaccine response status. If the HCP has anti-HBs ≥10mIU/mL at the time of the exposure, no postexposure HBV management is necessary, regardless of the source patient's HBsAg status.
Unvaccinated or incompletely vaccinated HCP
For unvaccinated or incompletely vaccinated HCP (including those who refused vaccination), the source patient should be tested for HBsAg as soon as possible after the exposure. Testing unvaccinated or incompletely vaccinated HCP for anti-HBs is not necessary and is potentially misleading, because anti-HBs ≥10mIU/mL as a correlate of vaccine-induced protection has only been determined for persons who have completed an approved vaccination series (36, 59) .
Case (4) : If the source patient is HBsAg-positive or has unknown HBsAg status: The HCP should receive 1 dose of HBIG and 1 dose of HepB vaccine administered as soon as possible after the exposure. The HCP should complete the HepB vaccine series according to the vaccination schedule (3 doses total). Anti-HBs testing should be performed approximately 1-2 months after the last dose of vaccine to document the HCP's vaccine response status for future exposures. HCP with anti-HBs ≥10mIU/mL after receipt of the primary vaccine series are considered immune. Immunocompetent persons have long-term protection and do not need further periodic testing to assess antiHBs levels. HCP with anti-HBs <10mIU/mL after receipt of the primary series should be revaccinated. For these HCP, administration of a second complete 3-dose series on an appropriate schedule, followed by anti-HBs testing 1-2 months after the third dose, usually is more practical than conducting serologic testing after each additional dose of vaccine. To document the HCP's vaccine response status for future exposures, anti-HBs testing should be performed 1-2 mos. after last dose of vaccine. Case (5) : If the source patient is HBsAgnegative: The HCP should complete the HepB vaccine series according to the vaccination schedule. Anti-HBs testing should be performed 1-2 months after the last dose of vaccine to document the HCP's vaccine response status for future exposures. HCP with anti-HBs ≥10mIU/mL after receipt of the primary vaccine series are considered immune. Immunocompetent persons have long-term protection and do not need further periodic testing to assess antiHBs levels. HCP with anti-HBs <10mIU/mL after receipt of the primary series should be revaccinated. For these HCP, administration of a second complete 3-dose series on an appropriate schedule, followed by anti-HBs testing 1-2 months after the third dose, usually is more practical than conducting serologic testing after each additional dose of vaccine. To document the HCP's vaccine response status for future exposures, anti-HBs testing should be performed 1-2 months after the last dose of vaccine HepB Vaccine Non responders Vaccinated HCP, who are non-responders, should be tested for HBsAg and anti-HBc to determine infection status. Those HCPs should be considered susceptible to HBV infection if hepatitis markers are negative. No specific work restrictions are recommended for vaccine non-responders (60) .
Conclusion
Avoiding occupational blood exposures is the primary way to prevent transmission of BBPs in health-care settings. Hep-atitis B virus infection is a preventable disease with the Hep B vaccination being available in the United States since 1981 and recommended by the Advisory Committee on Immunization Practices (ACIP) for HCP in 1982. Written protocols for reporting, evaluation, counseling, treatment, and follow-up of occupational exposures should be available in the health care facilities. Hepatitis B vaccine consists of 10-20μg of recombinant HBsAg protein administered intramuscularly into the deltoid muscle on a 0, 1, and 6 mos. schedule. After completion of HBV 3-doses vaccination series, HCP should be tested 1-2 months for antiHBs. The protective level of anti-HBs should be ≥10mIU/ml. HCP who do not respond to an initial 3-dose vaccine series have a 30%-50% chance of responding to a second 3-dose series. Non-responder HCP to the first vaccine series should complete a second 3-dose vaccine series or be evaluated for HBsAg-positive. Hepatitis B immune globulin (HBIG) provides passive anti-HBs and temporary protection lasts for 3-6 months and can be used together with HepB vaccine for postexposure prophylaxis. Any blood or body fluid exposure to an unvaccinated person should lead to initiation of the hepatitis B vaccine series. Vaccinated HCP who have written documentation of a complete HepB vaccine series (≥3 doses) with subsequent documented anti-HBs ≥10mIU/ mL, testing the source patient for HBsAg is unnecessary. No specific post exposure measures for HBV are needed, whatever the source patient's HBsAg status. For unvaccinated or incompletely vaccinated HCP (including those who refused vaccination), the source patient should be tested for HBsAg as soon as possible after the exposure. Testing unvaccinated or incompletely vaccinated HCP for anti-HBs is not necessary and is potentially misleading, because anti-HBs ≥10mIU/mL as a correlate of vaccine-induced protection has only been determined for persons who have completed an approved vaccination series. Vaccinated HCP, who are nonresponders, should be tested for HBsAg and anti-HBc to determine infection status. Those HCPs should be considered susceptible to HBV infection if hepatitis markers are negative. 
